Introduction
============

Diabetes is a chronic endocrine disease characterized by increased blood sugar as a result of absolute or relative deficiency of insulin, a hormone secreted by the pancreas. The disease leads to many types of metabolic disturbances, vascular disease, nervous system disease, as well as disorders of other organs and systems, with severe complications: blindness, kidney failure, gangrene and leg amputation, infarction, and stroke. Worldwide, diabetes is ranked as the third most common cause of death.[@b1-cia-13-377]

According to the official medical statistics of 2016, there are 2,135.2 officially registered patients with diabetes per 100,000 people in Kazakhstan.[@b2-cia-13-377] According to World Health Organization estimates, the prevalence of diabetes mellitus in Kazakhstan is 11.5%. The number of people with diagnosed diabetes increases by 8%--10% annually; in addition, there is an increase in the frequency of complications and mortality attributed to severe diabetes.[@b1-cia-13-377]

Genetic variants in combination with environmental factors are thought to contribute to the development of this disease. The greatest progress in the determination of the genetic origins of type 2 diabetes mellitus (T2DM) was achieved using genome-wide association studies (GWAS) on different populations.[@b3-cia-13-377] However, positive and negative associations should be evaluated in other ethnic populations because of ethnic differences in the frequencies of genetic variations and differences in the contribution of environmental factors.[@b4-cia-13-377]--[@b7-cia-13-377] Many genes are currently associated with a risk of T2DM development, although the exact molecular mechanism remains largely unknown. Genetic variations in any of these genes may change the features of metabolic disorders and diseases. The first step of such research is the study of allele frequency of different genes involved in T2DM susceptibility in the population. Allele distribution is well studied in Caucasian populations; however, allele distribution in populations of Central Asia is poorly understood. It is worth mentioning that allele frequency may depend on racial and ethnic background as well as geographical area.[@b8-cia-13-377] Furthermore, according to Chen et al,[@b9-cia-13-377] T2DM showed a significant differentiation of risk allele frequencies among diverse populations and among 12 common diseases.[@b9-cia-13-377]

In this study, we aimed to analyze the allele frequencies of several genes previously identified, by GWAS and candidate gene studies in other ethnic populations, to be associated with T2DM susceptibility and obesity-related phenotypes in a Kazakh population and to evaluate the differences between the Kazakh population and populations from the haplotype map (HapMap) database.

Materials and methods
=====================

Characteristics of the study populations
----------------------------------------

A total of 966 individuals living in Almaty during 2013--2014 and belonging to the Kazakh ethnicity participated in this study. Subjects were recruited from an annual health checkup conducted at the Asfendiyarov Kazakh National Medical University, and they were unrelated. The study population comprised 268 males and 698 females (age: 35.20±11.58 years; body mass index \[BMI\]: 23.23±4.59 kg/m^2^; systolic blood pressure (SBP): 111.64±12.42 mmHg; diastolic blood pressure (DBP): 73.17±8.74 mmHg).

Blood samples were collected according to the study protocol, which was approved by the Ethics Committee of the National Center for Biotechnology of the Republic of Kazakhstan, Astana, Kazakhstan (number 11, 14.02.2010) and the Asfendiyarov Kazakh National Medical University, Almaty, Kazakhstan. Each participant was informed of the purpose and methods of the study, and written informed consent was obtained from all participants. If an individual indicated that he or she had an ancestor who was not a Kazakh, the blood sample from this individual was excluded from the study.

Genotyping
----------

We selected 41 single nucleotide polymorphisms (SNPs) that were previously associated with T2DM and obesity-related phenotypes for investigation in this study ([Table S1](https://www.dovepress.com/get_supplementary_file.php?f=156044.pdf)). DNA was extracted from venous whole blood samples by the salting-out method.[@b10-cia-13-377] SNP detection was performed using the TaqMan OpenArray Real-Time PCR Platform (Life Technologies, Foster City, CA, USA). The analyses were conducted according to the manufacturer's standard protocols, and genotype calls were made by the OpenArray SNP Genotyping Analysis Software, version 1.0.3. Data analyses were performed with the TaqMan Genotyper Software, version 1.3.

Statistical analysis
--------------------

Statistical analysis was performed using Haploview 4.2[@b11-cia-13-377] and Arlequin 3.1 software.[@b12-cia-13-377] The correspondence of the distributions of genotype frequencies to the Hardy--Weinberg equilibrium (HWE) was assessed using the *χ*^2^ criterion (preliminary analysis) and exact tests using a Markov chain. Data from the HapMap database were used for the comparative analysis of the differences in genotype and haplotype frequencies among Kazakh and world populations (HapMap Genome Browser release number 27 \[Phases I, II, and III -- merged genotypes and frequencies\]).[@b13-cia-13-377] The exact test of population differentiation (Markov chain) method was used for the analysis.[@b12-cia-13-377],[@b14-cia-13-377],[@b15-cia-13-377] Burn-in steps (dememorizations steps) of 10,000, followed by 100,000 Markov Chain steps, were applied. For block generations, the confidence intervals default algorithm was used (Haploview 4.2; minor allele frequency \[MAF\] \<0.05).

During the analysis of genetic relationship between the populations, several approaches were used: principal component analysis (PCA), cluster analysis, and multidimensional scaling (MDS). The method of choice for genetic distance calculation plays a crucial role in obtaining significant results;[@b16-cia-13-377] therefore, we decided to use different methods for confirmation of the obtained results. PCA and MDS are used for the description of small-size data, which makes those methods valuable in the field of genetics.

PCA was carried out based on MAF. We considered 21 SNPs (other SNPs were excluded from the analysis due to absence of data) in the PCA of 12 populations ([Table S2](https://www.dovepress.com/get_supplementary_file.php?f=156044.pdf)). PCA was performed using the "prcomp" function for categorical PCA, implemented in R version 3.1.3. Genetic distance calculation (Nei's distance, angular distance or Edwards's distance, coancestrality coefficient of Edwards's distance, classic Euclidean distance or Rogers's distance, and absolute genetic distance or Provesti's distance) and MDS analysis were performed with the "ade4 package" for R statistical software.

Results
=======

Allele and genotype frequencies in the Kazakh population and comparative analysis
---------------------------------------------------------------------------------

We genotyped 41 common SNPs (representing 25 genes/loci), and 31 of these were in HWE (10 polymorphisms not in HWE were excluded from subsequent analysis). The allele and genotype frequencies of the remaining 31 SNPs are summarized in [Table 1](#t1-cia-13-377){ref-type="table"}.

We also performed a comparative analysis of the differences in genotype frequencies between the Kazakh population and the data of populations obtained from the HapMap database: data from Africans (YRI: Yoruban population in Ibadan, Nigeria; LWK: Luhya population in Webuye, Kenya; ASW: Americans of African ancestry living in Southwest USA; MKK: Maasai in Kinayawa, Kenya), Americans (MEX: Mexicans in Los Angeles, CA; GIH: Gujarati Indian population from Houston, TX), Asians (CHB: Han Chinese population in Beijing, China; CHD: Chinese population in metropolitan Denver, CO; JPT: Japanese population in Tokyo, Japan), and Europeans (CEU: Utah residents with Northern and Western European ancestry from the Centre d'Etude du Polymorphisme Humain \[CEPH\] collection; TSI: Tuscan population in Italy) ([Table 2](#t2-cia-13-377){ref-type="table"}).

For individuals of the ASW group, genotype data were available for only 27 SNPs of the 31 studied SNPs. Twenty-one of these 27 SNPs showed a significant difference from those in the Kazakh population. For the CEU population, genetic analysis was performed for 31 SNPs. Sixteen of these SNPs were significantly different compared with those of the Kazakh population. For the CHB population, 18 of 31 SNPs showed significant differences compared with those of the Kazakh population. The comparative analysis showed significant differences among the Kazakh population and the CHD population for 25 SNPs. Fifteen SNPs were different between the Kazakh and the GIH populations. According to our results, significant differences were revealed for 15 of 31 SNPs in the JPT, 24 of 26 SNPs in the LWK, 12 of 26 SNPs in the MEX, 24 of 27 SNPs in the MKK, 17 of 27 SNPs in the TSI, and 29 of 30 SNPs in the YRI groups, compared with those of the Kazakh population ([Table 2](#t2-cia-13-377){ref-type="table"}).

According to the results of linkage disequilibrium analysis, one haplotype block consisted of two SNPs, ie, rs1042713 and rs1042714, in the Kazakh population ([Table 3](#t3-cia-13-377){ref-type="table"}). A comparative analysis of the haplotype frequencies was performed for the Kazakh population and data from the HapMap database. Our result showed that only the CEU and YRI populations formed a block in the *ADRB2* gene. The frequencies of haplotypes TAC, TGC, and CGG were 0.500, 0.357, and 0.142 in the YRI population, respectively, whereas the frequencies of these haplotypes in the CEU population were 0.358, 0.167, and 0.465, respectively ([Table 4](#t4-cia-13-377){ref-type="table"}).

Analysis of genetic relationship between the populations
--------------------------------------------------------

The PCA of studied populations was computed based on MAFs ([Table S2](https://www.dovepress.com/get_supplementary_file.php?f=156044.pdf)) and showed the differences between populations, accounting for 80% of the total genetic variation for the first two principal components (PCs). A plot of the first two PCs demonstrates three main clusters. The first cluster contains five populations: KZ, CEU, GIH, MEX, and TSI. The second cluster in space PC1--PC2 combines African populations such as ASW, LWK, MKK, and YRI. The third cluster includes three Asian populations (CHB, CHD, and JPT), which are dispersed along PC1 ([Figure 1](#f1-cia-13-377){ref-type="fig"}).

To measure genetic distances, five methods were used: Nei's distance, angular distance or Edwards's distance, coancestrality coefficient of Edwards's distance, classic Euclidean distance or Rogers's distance, and absolute genetic distance or Provesti's distance. A matrix of genetic distances based on allele frequencies was obtained by the five methods. Based on the allele frequency data of the studied polymorphisms, matrices of genetic distances obtained by the five different methods were built ([Tables 5](#t5-cia-13-377){ref-type="table"} and [S3](https://www.dovepress.com/get_supplementary_file.php?f=156044.pdf)). The obtained matrices of genetic distances comprised the source material for the cluster analysis and MDS. Using the matrix of genetic distances, a cluster analysis was performed, and a dendrogram was constructed ([Figures 2](#f2-cia-13-377){ref-type="fig"} and [S1](https://www.dovepress.com/get_supplementary_file.php?f=156044.pdf)).

According to [Figure 1](#f1-cia-13-377){ref-type="fig"}, the LWK population is combined with the YRI population into one cluster (*d*=0.006), and populations ASW and MKK are combined into one cluster (*d*=0.008). Furthermore, these two clusters are joined. A cluster combining populations CHB and CHD (*d*=0.004) joins populations JPT (*d*=0.006) and KZ (*d*=0.020--0.024). Populations CEU and TSI (*d*=0.013), MEX (*d*=0.019--0.22), and GIH (*d*=0.024--0.029) form a separate cluster. These results were confirmed by other dendrograms obtained through matrices calculated by other methods ([Figure S1](https://www.dovepress.com/get_supplementary_file.php?f=156044.pdf)).

During the MDS of matrices, the graph of mutual arrangement of studied populations in the two-dimensional space was obtained ([Figures 3](#f3-cia-13-377){ref-type="fig"} and [S2](https://www.dovepress.com/get_supplementary_file.php?f=156044.pdf)). As on the dendrogram, three separate clusters can be seen on the graph. However, the Kazakh population is located separately from the Caucasian, Asian, and African clusters.

Discussion
==========

T2DM is a common, complicated disease that has a strong genetic predisposition. Environmental factors also play a decisive role in the development of T2DM by modulating gene expression through epigenetic mechanisms, including DNA methylation, histone modification, and microRNA regulation. A previous study showed that epigenetic changes are important for the development of T2DM.[@b17-cia-13-377] At the moment, there are multiple studies on the genetic basis of T2DM in many populations; therefore, a few dozen loci associated with the risk of diabetes development have been identified. It is important to mention that the frequencies of T2DM genetic markers vary across different geographical regions and ethnic groups. Ethnicity significantly affects the allele frequency of polymorphic markers and thus the common genetic risk of the disease; therefore, more active study of the T2DM heredity basis in different ethnic groups is required. In addition, economic and dietary habits can play important roles in the allelic distribution worldwide.[@b18-cia-13-377]

In the present study, our objective was to summarize the current knowledge of the frequency distribution of these genetic variants in the population. There are three main directions of population genetic studies, including the study of autosomal markers, the study of mitochondrial DNA (mtDNA), and the study of Y chromosome polymorphism. The profiles of mtDNA and Y chromosome polymorphism in the Kazakh population are well characterized,[@b19-cia-13-377],[@b20-cia-13-377] whereas data on autosomal markers are lacking. As a result, allele distribution is well studied in Caucasian populations but poorly understood in Central Asian populations. Kazakhs are one of the Turkic-speaking people living in Central Asia. Interest in the study of Central Asian people, in particular, indigenous people of Kazakhstan (Kazakhs), suffers due to the complexity of their ethnogenesis. For example, studies have confirmed that in Kazakhstan, there was a centuries-old stratification of the Mongoloid component in the ancient Kazakhstan anthropological stratum of the proto-European race.[@b21-cia-13-377] The Kazakh anthropological type, differentiated by features of Caucasoid and Mongoloid races, occupies an intermediate position and is related to a mixed South Siberian race.[@b22-cia-13-377] The large proportion of Caucasoid component in the gene pool of the Kazakh population may explain the features of their ethnogenesis. Thus, according to anthropologists, Caucasoid features of modern Kazakhs have roots in the Bronze Age. Among the local population of that period, the ancient Kazakhstan (Andronov) Caucasoid type was widespread. On this basis, there was further development of the anthropological types in the territory of Kazakhstan. Mongoloid impurities in the anthropological composition of the local population in Kazakhstan were introduced in ancient times by Asian tribes.[@b21-cia-13-377]

With the gene--candidate approach, it was possible to identify several loci in the genome associated with diabetes predisposition: peroxisome proliferator-activated receptor gamma (*PPARG*)[@b23-cia-13-377] and ATP-sensitive potassium channel (*KCNJ11*).[@b24-cia-13-377] Gouda et al[@b25-cia-13-377] showed that the 12Ala allele frequency ranged from 5.9% to 21.6% (median: 12.7%) for the Caucasian population and from 1.7% to 9.3% (median: 4.5%) for East Asian populations such as Chinese or Japanese.[@b25-cia-13-377] In our study, the 12Ala allele frequency was 14% in the Kazakh population and 2%, 10%, 5%, 3%, 9%, 3%, 9%, 2%, 7%, and 0% in the ASW, CEU, CHB, CHD, GIH, JPT, MEX, MKK, TSI, and YRI populations, respectively.

The gene *KCNJ11* (potassium inwardly rectifying channel, subfamily J, member 11) regulates glucose-dependent insulin secretion. The frequency of allele G in the Kazakh population was 34%. According to the comparative analysis, rs5215 was significantly different between the Kazakh population and the ASW, LWK, MKK, and YRI populations.

Using GWAS on different populations, many T2DM-associated susceptibility genes, including *TCF7L2*, *CDKN2A/2B*, *CDKAL1*, *FTO*, *HHEX/IDE*, *SLC30A8*, and *CDK5*, were revealed.[@b26-cia-13-377]--[@b28-cia-13-377] The product of the gene *TCF7L2* is a high-mobility group box-containing transcription factor previously implicated in blood glucose homeostasis, which plays a significant role in the Wnt signaling pathway. Meta-analyses of the studies performed in East Asian populations showed that the MAF ranged between 28.8% and 37.3% (mean: 32.8%) for rs4506565.[@b29-cia-13-377]

The rs10811661 polymorphism located upstream of the *CDKN2A* and *CDKN2B* genes may confer increased risk for T2DM by affecting β-cell function.[@b30-cia-13-377] For rs10811661, the C allele frequency was 28% in our cohort, and the frequencies of this polymorphism were significantly different between the Kazakh population and all 11 studied populations. Additionally, the frequencies of rs2383208 (*CDKN2A/B*) were significantly different between the Kazakh population and studied populations from HapMap, except the ASW, CEU, LWK, and MKK populations.

SNPs in *CDKAL1* and *FTO* are associated with T2DM and T2DM-related traits.[@b31-cia-13-377] The allelic distribution of these genes was also significantly different between the Kazakh population and the ASW, CHB, CHD, LWK, MKK, TSI, and YRI populations for four SNPs (rs9465871, rs7756992, rs8050136, and rs9939609) and the JPT population for SNPs in *CDKAL1*. In the Kazakh population, the risk allele in rs1111875 (*HHEX*) was found in 41% of individuals and was significantly different between the Kazakh population and the ASW, CEU, CHB, LWK, MEX, MKK, TSI, and YRI populations.

The product of *SLC30A8* gene plays an important role in the regulation of maturation, storage, and secretion of insulin by β-cells.[@b32-cia-13-377] In the Kazakh population, the T allele was found in 37% of individuals, and the frequencies of rs13266634 were significantly different between the Kazakh population and the studied populations from HapMap, except the CHD and JPT populations.

Zeggini et al[@b5-cia-13-377] identified previously unknown loci associated with T2DM development: rs7961581 of *TSPAN8-LGR5* gene, rs12779790 of *CDC123-CAMA1D* (possibly responsible for control of B-cell number by increased apoptosis) gene, rs7578597 of *THADA* gene, rs2641348 of *ADAM30* gene, and rs10923931 of *NOTCH2* (codes for transmembrane receptor required for pancreas development within prenatal period) gene.[@b5-cia-13-377] Thus, a significant difference was found between the Kazakh population and the ASW, GIH, LWK, MKK, and YRI populations for rs2641348 and rs10923931 and between the Kazakh population and the studied populations from HapMap, except the MEX and TSI populations, for rs7578597. For rs12779790, the G allele frequency in our study was 16% in Kazakhs; the frequencies of these SNPs were significantly different between the Kazakh population and the CEU and YRI populations. For rs7961581, the C allele frequency was 25% in our cohort; the frequencies of these SNPs were significantly different between the Kazakh population and the CHD, GIH, TSI, and YRI populations.

The product of the *ADRB2* gene is a lipolytic receptor in human fat cells, which stimulates lipid mobilization. Polymorphisms in this gene are associated with susceptibility to obesity. The rs1042713 and rs1042714 allele mutations at codons 16 and 27, respectively, appear to alter *ADRB2* function by changing its amino acid structure.[@b33-cia-13-377] In the Kazakh population, the frequency of allele A of rs1042713 was 42%, whereas it was 56%, 56%, 58%, 52%, 54%, and 50% in the ASW, CHB, CHD, LWK, MKK, and YRI populations, respectively. The frequencies of rs1042714 were available only for the CEU, CHB, JPT, and YRI populations in the HapMap database, and this SNP was significantly different between the Kazakh population and all these populations.

The *MTHFR* gene encodes the enzyme methylenetetrahydrofolate reductase, which is involved in folate metabolism. Many studies have shown that reduced MTHFR activity is a risk factor for T2DM. The polymorphism rs1801133 can reduce enzyme activity[@b34-cia-13-377] and is associated with the risk of T2DM development.[@b35-cia-13-377] The T allele of rs1801133 had a frequency of 28% in our cohort and 12%, 31%, 48%, 34%, 17%, 36%, 9%, 42%, 8%, 46%, and 9% in the ASW, CEU, CHB, CHD, GIH, JPT, LWK, MEX, MKK, TSI, and YRI populations, respectively. The frequency of this SNP was significantly different between the Kazakh population and the ASW, CHB, CHD, JPT, MKK, and YRI populations. Several studies also demonstrated that the frequency distributions of the *MTHFR* polymorphism (rs1801133) vary between different regional and ethnic groups. In addition, Wang et al[@b18-cia-13-377] demonstrated that the allele frequency of this polymorphism varies across geographical areas and ethnic groups and suggests that environmental factors may exert selective pressures on genetic mutations.[@b18-cia-13-377]

Thus, a significant difference was found between the Kazakh population and the ASW, GIH, LWK, MKK, and YRI populations for rs2641348 and rs10923931 and between the Kazakh population and studied populations from HapMap, except the MEX and TSI populations, for rs7578597. For rs12779790, the G allele frequency in our study was 16% in Kazakhs; the frequencies of these SNPs were significantly different between the Kazakh population and the CEU and YRI populations. For rs7961581, the C allele frequency was 25% in our cohort; the frequencies of these SNPs were significantly different between the Kazakh population and the CHD, GIH, TSI, and YRI populations. Importantly, we found differences between all populations and the Kazakh population in the allele frequencies of several genes involving susceptibility to T2DM, including *LEPR*, *TCF7L2*, *THADA*, and *CDKN2A/B*. Additionally, the greatest differences compared with the Kazakh population were found for the YRI population.

According to the results of haplotype frequencies, only the CEU and YRI populations generated the block containing different numbers of SNPs consisting of rs1801704, rs1042713, and rs1042714 in the *ADRB2* gene ([Table 4](#t4-cia-13-377){ref-type="table"}). In the Kazakh population, the block contained only three haplotypes, whereas the CEU block contained four haplotypes. Moreover, their frequencies were different ([Table 4](#t4-cia-13-377){ref-type="table"}). The YRI population block contained three haplotypes, as did the Kazakh population. Additionally, the haplotype frequencies of *ADRB2* in the YRI population were relatively closest to those of the Kazakh population.

Comparative analysis of allele frequencies of the studied SNPs showed significant differentiation among the studied populations. This result confirms that different racial and ethnic groups contributed to the Kazakh population. Of note, these results showed differences for only this group of SNPs, which are not representative of the entire genome variation of this population.

Many studies used PCA or MDS for the presentation of population structure results.[@b36-cia-13-377]--[@b38-cia-13-377] Clusters that combine studied populations demonstrate the proximity of their gene pools, which can be attributed to common origin and subsequent mixing of populations. According to various studies, the Kazakh population was formed as a result of mixture of the European and Asian populations.[@b39-cia-13-377]--[@b41-cia-13-377] PCA using allele frequencies ([Figure 1](#f1-cia-13-377){ref-type="fig"}) showed that European populations are the most closely related to the Kazakh population. Interestingly, according to the PCA, the studied populations formed three separate clusters, which included populations with similar origin. These data may indicate a significant Caucasian component in the Kazakh gene pool.

In addition, population studies of mtDNA showed high genetic diversity in Central Asia. Gonzalez-Ruiz et al[@b42-cia-13-377] hypothesized that genetic diversity in this region may be the result of late mixing between the populations of Western and Eastern Eurasia.[@b42-cia-13-377] Our data confirmed this hypothesis. Further, Tarlykov et al[@b19-cia-13-377] revealed the high degree of genetic differentiation on the level of mtDNA. The majority of maternal lineages belonged to haplogroups common in Central Asia. In contrast, Y-short tandem repeat (STR) data showed very low genetic diversity.[@b19-cia-13-377]

The minimum genetic distance of the Kazakh population from the Japanese population is shown in [Table 5](#t5-cia-13-377){ref-type="table"}. Many studies have shown that populations from different continents that are geographically close also share genetic similarities. Recent studies have analyzed the origin and evolutionary relationship of different world populations and attempted to explain the genetic dispersion by geographical and linguistic characteristics with the use of large-scale genetic markers. According to one study, geographical location was considered the main factor; in other words, for geographically close populations, genetic and geographic distances are often highly correlated.[@b43-cia-13-377] Studies have shown that the Central Asian populations occupy an intermediate position between the Eastern Asian populations and Western populations.[@b22-cia-13-377],[@b40-cia-13-377],[@b42-cia-13-377] Our results confirmed this finding: the Kazakh population was grouped with East Asian populations according to the cluster analysis the Western populations according to PCA. According to MDS, results of the current study show that the Kazakh population holds an intermediate position between European and Eastern Asian populations.

For thousands of years, Central Asia has been a place of intensive genetic and demographic processes, which can explain the sufficiently high proportion of interpopulation differences for this territorial group. Comparative analysis of allele frequencies of the studied SNPs showed significant differentiation among studied populations. This result confirms that different racial and ethnic groups have contributed to the Kazakh population.

Importantly, the position of the investigated populations on the dendrogram is generally consistent with their major ethnogeographical formations. As for the Kazakhs, despite some mixture of Mongoloid features in their anthropological type, their genetic proximity to the Japanese and their intermediate position between European and Asian populations suggests the contribution of Caucasoid and Mongoloid components in the formation of their gene pool.

There are several limitations of this study. First, this study did not contain a separate validation cohort. Second, a relatively limited sample of Kazakhs was investigated. Ten SNPs out of the 41 tested were filtered out due to deviation from the HWE. All SNPs tested are associated with T2DM and obesity. Based on the literature, diabetes is ranked as the third most common cause of death in the world. In our opinion, this observed phenomenon confirms that selected SNPs have a considerable effect on the predisposition to development of diabetes. Carriers of the homozygous alleles may simply have a higher chance of death, which disrupts normal allele distribution. The Kazakhs, among other ethnic populations, have their own genetic profile, and the hypothesis mentioned here likely has more serious implications for Kazakhs than for others. It should be noted that the number of men and women in the study group is not the same, which may indicate selection bias of participants. T2DM is more frequently diagnosed in men of lower age and BMI; however, the most prominent risk factor, which is obesity, is more common in women. Diversity in biology, culture, lifestyle, environment, and socioeconomic status impacts differences between males and females in predisposition, development, and clinical presentation of T2DM.[@b44-cia-13-377] Furthermore, the analyzed SNPs were not randomly chosen. Thus, another possible limitation might be the fact that the frequencies of SNPs not randomly chosen may not represent actual distributions. However, some studies showed that disease-associated SNPs are not significantly different from SNPs chosen at random across populations.[@b33-cia-13-377],[@b45-cia-13-377],[@b46-cia-13-377]

Conclusion
==========

Genetic variants that contribute to risk of common disease may differ in frequency across populations. Our results revealed significant variations in the frequencies of studied SNPs between Kazakh and all other populations examined. According to PCA, the Kazakh population was clustered with the Caucasian population, and this result may indicate a significant Caucasian component in the Kazakh gene pool. Additionally, the studied SNPs are not representative of the entire genome variability of the Kazakh population, at least as it pertains to T2DM. Our study may explain the genetic impact of metabolic diseases affecting Kazakhs.
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![The dendrogram based on Nei's genetic distance matrix.\
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![MDS representation of the Nei's genetic distance matrices between studied populations.\
**Abbreviations:** ASW, Americans with African ancestry living in Southwest USA; CEU, Utah residents with Northern and Western European ancestry from the Centre d'Etude du Polymorphisme Humain collection; CHB, Han Chinese population in Beijing, China; CHD, Chinese population in metropolitan Denver, CO; GIH, Gujarati Indian population in Houston, TX; JPT, Japanese population in Tokyo, Japan; KZ, Kazakh population; LWK, Luhya population in Webuye, Kenya; MDS, multidimensional scaling; MEX, Mexicans in Los Angeles, CA; MKK, Maasai in Kinayawa, Kenya; TSI, Tuscan population in Italy; YRI, Yoruban population in Ibadan, Nigeria.](cia-13-377Fig3){#f3-cia-13-377}

###### 

Allele frequency and genotype distribution in the Kazakh population

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Number   Assay name               RS           Number of samples   Hardy--Weinberg equilibrium\   Allele   n[a](#tfn1-cia-13-377){ref-type="table-fn"}   Frequency   Genotype   n[b](#tfn2-cia-13-377){ref-type="table-fn"}   Frequency
                                                                     *P*-value                                                                                                                                                  
  -------- ------------------------ ------------ ------------------- ------------------------------ -------- --------------------------------------------- ----------- ---------- --------------------------------------------- -----------
  1        ADRB2                    rs1042713    806                 1.000                          G        942                                           0.58        GG         275                                           0.34

  --       --                       A            670                 0.42                           GA       392                                           0.49                                                                 

  --       --                       --           --                  --                             AA       139                                           0.17                                                                 

  2        ADRB2                    rs1042714    798                 0.860                          C        1,141                                         0.71        CC         409                                           0.51

  --       --                       G            455                 0.29                           CG       323                                           0.40                                                                 

  --       --                       --           --                  --                             GG       66                                            0.08                                                                 

  3        CDKN2A/B                 rs10811661   816                 0.729                          T        1,170                                         0.72        TT         417                                           0.51

  --       --                       C            462                 0.28                           TC       336                                           0.41                                                                 

  --       --                       --           --                  --                             CC       63                                            0.08                                                                 

  4        BCL11A                   rs10490072   777                 0.175                          C        188                                           0.12        CC         7                                             0.01

  --       --                       G            1,366               0.88                           CG       174                                           0.22                                                                 

  --       --                       --           --                  --                             GG       596                                           0.77                                                                 

  5        HHEX                     rs1111875    834                 0.943                          C        679                                           0.41        CC         139                                           0.17

  --       --                       T            989                 0.59                           CT       401                                           0.48                                                                 

  --       --                       --           --                  --                             TT       294                                           0.35                                                                 

  6        Near CDC123/CAMK1D       rs12779790   659                 0.392                          A        1,102                                         0.84        AA         457                                           0.69

  --       --                       G            216                 0.16                           GA       188                                           0.29                                                                 

  --       --                       --           --                  --                             GG       14                                            0.02                                                                 

  7        ADAM30                   rs2641348    784                 0.722                          A        1,483                                         0.95        AA         700                                           0.89

  --       --                       G            85                  0.05                           AG       83                                            0.11                                                                 

  --       --                       --           --                  --                             GG       1                                             0.00                                                                 

  8        --                       rs12272004   828                 1.000                          C        1,617                                         0.98        CC         789                                           0.95

  --       --                       A            39                  0.02                           CA       39                                            0.05                                                                 

  --       --                       --           --                  --                             AA       0                                             0.00                                                                 

  9        SLC30A8                  rs13266634   836                 0.263                          C        1,054                                         0.63        CC         340                                           0.41

  --       --                       T            618                 0.37                           CT       374                                           0.45                                                                 

  --       --                       --           --                  --                             TT       122                                           0.15                                                                 

  10       CDKAL1                   rs4712523    833                 0.636                          G        537                                           0.32        GG         83                                            0.10

  --       --                       A            1,129               0.68                           GA       371                                           0.45                                                                 

  --       --                       --           --                  --                             AA       379                                           0.45                                                                 

  11       FABP2                    rs1799883    714                 0.685                          C        929                                           0.65        CC         305                                           0.43

  --       --                       T            499                 0.35                           CT       319                                           0.45                                                                 

  --       --                       --           --                  --                             TT       90                                            0.13                                                                 

  12       LIPC                     rs1800588    806                 0.657                          C        979                                           0.61        CC         294                                           0.36

  --       --                       T            633                 0.39                           CT       391                                           0.49                                                                 

  --       --                       --           --                  --                             TT       121                                           0.15                                                                 

  13       MTHFR; CLCN6             rs1801133    828                 0.436                          A        465                                           0.28        AA         70                                            0.08

  --       --                       C            1,191               0.72                           AC       325                                           0.39                                                                 

  --       --                       --           --                  --                             CC       433                                           0.52                                                                 

  14       PPARG                    rs1801282    840                 0.477                          C        1,444                                         0.86        CC         623                                           0.74

  --       --                       G            236                 0.14                           CG       198                                           0.24                                                                 

  --       --                       --           --                  --                             GG       19                                            0.02                                                                 

  15       PPARD                    rs2016520    809                 0.253                          C        352                                           0.22        CC         44                                            0.05

  --       --                       T            1,266               0.78                           CT       264                                           0.33                                                                 

  --       --                       --           --                  --                             TT       501                                           0.62                                                                 

  16       LEPR                     rs2025804    809                 0.450                          A        584                                           0.36        AA         109                                           0.13

  --       --                       G            1,034               0.64                           AG       366                                           0.45                                                                 

  --       --                       --           --                  --                             GG       334                                           0.41                                                                 

  17       LOC100287616; LOXL1      rs2165241    762                 0.508                          C        1,127                                         0.74        CC         413                                           0.54

  --       --                       T            397                 0.26                           CT       301                                           0.40                                                                 

  --       --                       --           --                  --                             TT       48                                            0.06                                                                 

  18       CDKN2A/B                 rs2383208    712                 0.510                          A        1,027                                         0.72        AA         374                                           0.53

  --       --                       G            397                 0.28                           AG       279                                           0.39                                                                 

  --       --                       --           --                  --                             GG       59                                            0.08                                                                 

  19       LPL                      rs328        837                 0.798                          C        1,551                                         0.93        CC         719                                           0.86

  --       --                       G            123                 0.07                           CG       113                                           0.14                                                                 

  --       --                       --           --                  --                             GG       5                                             0.01                                                                 

  20       TRAF1                    rs3761847    817                 0.223                          A        887                                           0.54        AA         234                                           0.29

  --       --                       G            747                 0.46                           AG       419                                           0.51                                                                 

  --       --                       --           --                  --                             GG       164                                           0.20                                                                 

  21       TCF7L2                   rs4506565    810                 0.339                          A        1,374                                         0.85        AA         586                                           0.72

  --       --                       T            246                 0.15                           AT       202                                           0.25                                                                 

  --       --                       --           --                  --                             TT       22                                            0.03                                                                 

  22       NOTCH2                   rs10923931   838                 1.000                          G        1,584                                         0.95        GG         748                                           0.89

  --       --                       T            92                  0.05                           GT       88                                            0.11                                                                 

  --       --                       --           --                  --                             TT       2                                             0.00                                                                 

  23       KCNJ11; NCR3LG1; ABCC8   rs5215       828                 1.000                          T        1,088                                         0.66        TT         357                                           0.43

  --       --                       C            568                 0.34                           CT       374                                           0.45                                                                 

  --       --                       --           --                  --                             CC       97                                            0.12                                                                 

  24       EDN1                     rs5370       808                 0.056                          G        1,219                                         0.75        GG         467                                           0.58

  --       --                       T            397                 0.25                           GT       285                                           0.35                                                                 

  --       --                       --           --                  --                             TT       56                                            0.07                                                                 

  25       THADA                    rs7578597    824                 0.322                          C        93                                            0.06        CC         4                                             0.00

  --       --                       T            1,555               0.94                           CT       85                                            0.10                                                                 

  --       --                       --           --                  --                             TT       735                                           0.89                                                                 

  26       CDKAL1                   rs9465871    818                 0.132                          C        490                                           0.30        CC         64                                            0.08

  --       --                       T            1,146               0.70                           CT       362                                           0.44                                                                 

  --       --                       --           --                  --                             TT       392                                           0.48                                                                 

  27       CDKAL1                   rs7756992    746                 0.411                          A        1,006                                         0.67        AA         336                                           0.45

  --       --                       G            486                 0.33                           GA       334                                           0.45                                                                 

  --       --                       --           --                  --                             GG       76                                            0.10                                                                 

  28       Near TSPAN8/LGR5         rs7961581    796                 0.704                          C        392                                           0.25        CC         46                                            0.06

  --       --                       T            1,200               0.75                           CT       300                                           0.38                                                                 

  --       --                       --           --                  --                             TT       450                                           0.57                                                                 

  29       FTO                      rs8050136    812                 0.176                          A        424                                           0.26        AA         63                                            0.08

  --       --                       C            1,200               0.74                           AC       298                                           0.37                                                                 

  --       --                       --           --                  --                             CC       451                                           0.56                                                                 

  30       PPARGC1A                 rs8192678    760                 0.823                          C        939                                           0.62        CC         301                                           0.40

  --       --                       T            581                 0.38                           CT       337                                           0.44                                                                 

  --       --                       --           --                  --                             TT       122                                           0.16                                                                 

  31       FTO                      rs9939609    765                 0.123                          T        1,144                                         0.75        TT         436                                           0.57

  --       --                       A            386                 0.25                           AT       272                                           0.36                                                                 

  --       --                       --           --                  --                             AA       57                                            0.07                                                                 
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Number of chromosomes;

number of alleles.

###### 

A comparative analysis of the allele frequencies of the Kazakh population (our data) and world's populations (HapMap data)

  Number   Assay name                 RS           Exact test of population differentiation (*P*-value ± SD)                                                                                                                                                             
  -------- -------------------------- ------------ ----------------------------------------------------------- ---------------- ---------------- ---------------- ---------------- ---------------- ---------------- ----------------- ---------------- ---------------- ----------------
  1        *ADRB2*                    rs1042713    0.01358±0.0016                                              0.26561±0.0062   0.00164±0.0008   0.00040±0.0003   0.84973±0.0044   0.69802±0.0074   0.03372±0.0020   0.70801±0.0063    0.00003±0.0000   0.11960±0.0077   0.01882±0.0028
  2        *ADRB2*                    rs1042714    --                                                          0.00000±0.0000   0.00309±0.0009   --               --               0.00000±0.0000   --               --                --               --               0.02032±0.0026
  3        *CDKN2A/B*                 rs10811661   0.00001±0.0000                                              0.01668±0.0015   0.00098±0.0004   0.00011±0.0001   0.00000±0.0000   0.00000±0.0000   0.00000±0.0000   0.00036±0.0002    0.00000±0.0000   0.00931±0.0013   0.00000±0.0000
  4        *BCL11A*                   rs10490072   0.40065±0.0067                                              0.00000±0.0000   0.00012±0.0001   --               0.24498±0.0044   0.00000±0.0000   0.00590±0.0008   0.02999±0.0020    0.00000±0.0000   0.00232±0.0008   0.00154±0.0008
  5        *HHEX*                     rs1111875    0.00000±0.0000                                              0.00000±0.0000   0.03803±0.0068   0.05703±0.0071   0.87459±0.0052   0.08994±0.0044   0.00000±0.0000   0.00000±0.0000    0.00000±0.0000   0.00000±0.0000   0.00000±0.0000
  6        *Near CDC123/CAMK1D*       rs12779790   --                                                          0.02920±0.0026   0.84539±0.0046   --               --               0.41554±0.0060   --               --                --               --               0.00238±0.0008
  7        *ADAM30*                   rs2641348    0.00000±0.0000                                              0.03034±0.0018   0.20760±0.0063   0.17740±0.0080   0.00000±0.0000   0.17711±0.0043   0.00000±0.0000   0.10120±0.0033    0.00000±0.0000   0.11528±0.0061   0.00000±0.0000
  8        --                         rs12272004   0.00449±0.0013                                              0.25860±0.0065   0.25573±0.0041   --               0.59869±0.0077   0.25897±0.0029   0.00000±0.0000   0.00000±0.0000    0.00000±0.0000   0.00023±0.0002   0.00000±0.0000
  9        *SLC30A8*                  rs13266634   0.00152±0.0006                                              0.00013±0.0001   0.04250±0.0037   0.16728±0.0077   0.00139±0.0005   0.15408±0.0070   0.00000±0.0000   0.00211±0.0005    0.00000±0.0000   0.00617±0.0013   0.00000±0.0000
  10       *CDKAL1*                   rs4712523    0.00000±0.0000                                              0.81413±0.0066   0.02086±0.0014   0.02520±0.0022   0.04166±0.0037   0.04223±0.0030   0.00000±0.0000   0.61614±0.0092    0.00000±0.0000   0.15405±0.0111   0.00000±0.0000
  11       *FABP2*                    rs1799883    0.01653±0.0027                                              0.17377±0.0102   0.59738±0.0075   0.00033±0.0001   0.88640±0.0032   0.56944±0.0059   0.00000±0.0000   0.53743±0.0113    0.00000±0.0000   0.03853±0.0036   --
  12       *LIPC*                     rs1800588    --                                                          0.00939±0.0011   0.95600±0.0008   --               --               0.00125±0.0003   --               --                --               --               0.01027±0.0016
  13       *MTHFR; CLCN6*             rs1801133    0.00000±0.0000                                              0.53578±0.0106   0.00000±0.0000   0.23997±0.0078   0.00747±0.0009   0.07221±0.0052   0.00000±0.0000   0.00994±0.0011    0.00000±0.0000   0.00000±0.0000   0.00000±0.0000
  14       *PPARG*                    rs1801282    0.00028±0.0003                                              0.16364±0.0109   0.00065±0.0005   0.00025±0.0002   0.08086±0.0056   0.00017±0.0001   --               0.52456±0.0118    0.00000±0.0000   0.05249±0.0034   0.00000±0.0000
  15       *PPARD*                    rs2016520    0.13974±0.0034                                              1.00000±0.0000   0.22142±0.0083   0.00000±0.0000   0.82890±0.0063   0.52075±0.0096   0.03572±0.0039   0.00194±0.0008    0.03617±0.0033   0.74055±0.0037   0.00531±0.0015
  16       *LEPR*                     rs2025804    0.00000±0.0000                                              0.00000±0.0000   0.00000±0.0000   0.00000±0.0000   0.00000±0.0000   0.00000±0.0000   0.00000±0.0000   0.00000±0.0000    0.00000±0.0000   0.00000±0.0000   0.00000±0.0000
  17       *LOC100287616; LOXL1*      rs2165241    0.20404±0.0065                                              0.00000±0.0000   0.00000±0.0000   0.00000±0.0000   0.01182±0.0019   0.00735±0.0019   0.04816±0.0024   0.00111±0.0003    0.69294±0.0087   0.00000±0.0000   0.95818±0.0016
  18       *CDKN2A/B*                 rs2383208    0.56534±0.0073                                              0.08686±0.0027   0.00462±0.0009   0.00144±0.0005   0.00000±0.0000   0.00000±0.0000   0.17285±0.0079   0.01258±0.0015    0.17628±0.0113   0.01942±0.0010   0.00000±0.0000
  19       *LPL*                      rs328        --                                                          0.09645±0.0035   0.53710±0.0087   --               --               0.02984±0.0013   --               --                --               --               0.00000±0.0000
  20       *TRAF1*                    rs3761847    1.00000±0.0000                                              0.82429±0.0043   0.97759±0.0010   0.39746±0.0061   0.00057±0.0003   0.45033±0.0083   0.00000±0.0000   1.00000±0.0000    0.00000±0.0000   0.04515±0.0050   0.00059±0.0003
  21       *TCF7L2*                   rs4506565    0.00000±0.0000                                              0.00000±0.0000   0.01712±0.0023   0.00024±0.0001   0.00000±0.0000   0.00000±0.0000   0.00000±0.0000   0.00293±0.0006    0.00000±0.0000   0.00000±0.0000   0.00000±0.0000
  22       *NOTCH2*                   rs10923931   0.00000±0.0000                                              0.06382±0.0033   0.27135±0.0062   0.28065±0.0091   0.00000±0.0000   0.24181±0.0042   0.00000±0.0000   0.20259±0.0031    0.00000±0.0000   0.21305±0.0089   0.00000±0.0000
  23       *KCNJ11; NCR3LG1; ABCC8*   rs5215       0.00000±0.0000                                              0.08494±0.0069   0.61642±0.0057   0.76511±0.0058   0.19954±0.0085   1.00000±0.0000   0.00000±0.0000   0.26566± 0.0065   0.00000±0.0000   0.40035±0.0044   0.00000±0.0000
  24       *EDN1*                     rs5370       0.00404±0.0008                                              0.03570±0.0037   0.24375±0.0084   0.59852±0.0050   0.00000±0.0000   1.00000±0.0000   0.00000±0.0000   0.16572±0.0056    0.00368±0.0008   0.14289±0.0051   0.00701±0.0013
  25       *THADA*                    rs7578597    0.00000±0.0000                                              0.00078±0.0003   0.00000±0.0000   0.00522±0.0007   0.00000±0.0000   0.00729±0.0016   0.00000±0.0000   0.38641±0.0038    0.00000±0.0000   0.57463±0.0056   0.00000±0.0000
  26       *CDKAL1*                   rs9465871    0.00000±0.0000                                              0.00000±0.0000   0.00000±0.0000   0.00000±0.0000   0.05746±0.0044   0.00000±0.0000   0.00000±0.0000   0.79322±0.0031    0.00000±0.0000   0.00000±0.0000   0.00000±0.0000
  27       *CDKAL1*                   rs7756992    0.00001±0.0000                                              0.23605±0.0090   0.00088±0.0005   0.00000±0.0000   0.07691±0.0052   0.00150±0.0003   0.00000±0.0000   0.92963±0.0025    0.00000±0.0000   0.02016±0.0024   0.00000±0.0000
  28       *Near TSPAN8/LGR5*         rs7961581    0.24310±0.0099                                              0.43465±0.0080   0.05520±0.0036   0.04446±0.0031   0.00611±0.0015   0.94158±0.0018   0.32361±0.0083   0.06851±0.0047    0.29234±0.0134   0.00000±0.0000   0.02866±0.0033
  29       *FTO*                      rs8050136    0.00011±0.0001                                              0.00000±0.0000   0.00378±0.0009   0.02023±0.0045   1.00000±0.0000   0.08495±0.0053   0.00000±0.0000   0.08561±0.0052    0.00000±0.0000   0.00000±0.0000   0.00000±0.0000
  30       *PPARGC1A*                 rs8192678    0.00000±0.0000                                              0.29049±0.0075   0.60390±0.0141   0.95048±0.0023   0.04740±0.0043   0.00177±0.0008   0.00000±0.0000   0.00051±0.0003    0.00000±0.0000   0.51180±0.0062   0.00000±0.0000
  31       *FTO*                      rs9939609    0.00000±0.0000                                              0.00000±0.0000   0.01332±0.0017   0.03020±0.0034   0.80855±0.0054   0.20799±0.0110   0.00000±0.0000   --                0.00000±0.0000   0.00000±0.0000   0.00000±0.0000

**Abbreviations:** CEPH, Centre d'Etude du Polymorphisme Humain; HapMap, haplotype map.

###### 

Haplotype frequencies in the Kazakh population

  Locus                    Haplotype   Frequencies
  ------------------------ ----------- -------------
  Block 1                  AC          0.414
  rs1042713\|rs1042714\|   GC          0.302
  ADRB2                    GG          0.284

###### 

Haplotype frequencies in the CEU and YRI populations

  -------------------------------------------------------------
  Locus                               Haplotype   Frequencies
  ----------------------------------- ----------- -------------
  Block 1                             TAC         0.358

  Rs1801704\|rs1042713\|rs1042714\|   TGC         0.167

  ADRB2 (CEU)                         CGG\        0.465\
                                      TAG         0.011

  Block 1                             TAC         0.500

  Rs1801704\|rs1042713\|rs1042714\|   TGC         0.357

  ADRB2 (YRI)                         CGG         0.142
  -------------------------------------------------------------

###### 

Matrix of genetic distances for the studied populations, according to Nei's method

        ASW     CEU     CHB     CHD     GIH     JPT     KZ      LWK     MEX     MKK     TSI
  ----- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- -------
  CEU   0.059   --      --      --      --      --      --      --      --      --      --
  CHB   0.131   0.082   --      --      --      --      --      --      --      --      --
  CHD   0.136   0.088   0.004   --      --      --      --      --      --      --      --
  GIH   0.070   0.024   0.097   0.105   --      --      --      --      --      --      --
  JPT   0.142   0.080   0.006   0.006   0.006   --      --      --      --      --      --
  KZ    0.089   0.026   0.021   0.024   0.038   0.020   --      --      --      --      --
  LWK   0.012   0.084   0.175   0.179   0.105   0.189   0.126   --      --      --      --
  MEX   0.059   0.019   0.069   0.078   0.029   0.073   0.026   0.093   --      --      --
  MKK   0.008   0.059   0.142   0.142   0.077   0.148   0.093   0.008   0.065   --      --
  TSI   0.079   0.013   0.092   0.101   0.028   0.089   0.033   0.112   0.022   0.080   --
  YRI   0.009   0.083   0.163   0.167   0.098   0.174   0.119   0.006   0.083   0.011   0.107

**Abbreviations:** ASW, Americans with African ancestry living in the Southwest USA; BMI, body mass index; CEU, Utah residents with Northern and Western European ancestry from the CEPH collection; CHB, Han Chinese population in Beijing, China; CHD, Chinese population in metropolitan Denver, CO; DBP, diastolic blood pressure; GIH, Gujarati Indian population in Houston, TX; HWE, Hardy--Weinberg equilibrium; JPT, Japanese population in Tokyo, Japan; LD, linkage disequilibrium; LWK, Luhya population in Webuye, Kenya; MAFs, minor allele frequencies; MDS, multidimensional scaling; MEX, Mexicans in Los Angeles, CA; MKK, Maasai in Kinayawa, Kenya; mtDNA, mitochondrial DNA; PC, principal component; PCA, principal component analysis; PCR, polymerase chain reaction; SBP, systolic blood pressure; SNPs, single nucleotide polymorphisms; STR, short tandem repeat; T2DM, type 2 diabetes mellitus; TSI, Tuscan population in Italy; YRI, Yoruban population in Ibadan, Nigeria.
